BACKGROUND {#s1}
==========

Female sex workers (FSWs) are at increased risk of HIV infection compared with women of reproductive age in the general population.^[@R1][@R2]^ In low- and middle-income countries, FSWs are 13 times more likely to be living with HIV compared with other women.^[@R1]^ FSWs are at increased risk of HIV infection as a result of multiple sexual partners, inconsistent condom use, increased prevalence of physical and sexual violence, and punitive legal systems.^[@R2]^ For these reasons, FSWs are encouraged to test for HIV frequently to detect breakthrough infections. Recent studies have shown that novel technologies such as HIV self-testing, which moves HIV testing outside of the controlled environment of the health care system,^[@R3][@R4][@R5][@R6][@R7]^ can significantly increase frequent HIV testing among FSWs.^[@R3]^ However, concerns remain that decoupling testing from counseling with this new HIV testing technology might increase depressive symptoms and suicidal ideation among FSWs who test HIV positive.^[@R8][@R9]^

These concerns come from previous studies, conducted among diverse populations, which show that HIV infection is associated with greater depressive symptom severity and risk of major depressive disorder.^[@R10][@R11][@R12][@R13][@R14][@R15][@R16][@R17]^ In sub-Saharan Africa (SSA), the prevalence of likely depression is approximately 2 times greater among individuals living with HIV compared with those in the general population.^[@R18]^ The majority of these studies, however, used cross-sectional data or focused on individuals already living with HIV, thus making it difficult to determine whether new knowledge of HIV infection caused depressive symptoms or whether depressive symptoms preceded HIV infection. In other studies, the prevalence of likely depression has been associated with increased sexual risk-taking behaviors among both individuals living and not living with HIV.^[@R19][@R20][@R21][@R22][@R23]^

Understanding how changes in knowledge of HIV status affect the severity of depressive symptoms is important for understanding how to develop and deliver HIV testing interventions that will enhance the well-being, social functioning, and safety of FSW populations. With this analysis, we aimed to understand the association between changes in knowledge of HIV status and the severity of depressive symptoms among FSWs in Uganda and Zambia. In this study, we used changes in FSWs\' perceived knowledge of HIV status rather than their actual HIV status because this more directly affects symptoms of depression. In addition, we used cohort data and fixed-effects estimation, controlling for all---that is, observed and unobserved---individual-level confounding factors that did not vary over the observation period (eg, genetic makeup, stable psychological traits, and ethnic, religious, and social backgrounds) as well as all confounding factors that did not vary across individuals. This approach increases the strength of causal inference over and above that of previous studies that could not control for unobserved confounding factors.^[@R24][@R25]^ Based on the previous literature,^[@R10][@R11][@R12][@R13][@R14][@R15][@R16][@R17]^ we hypothesized new knowledge of HIV-positive status (often acquired from HIV testing in the past 1 to 4 months) to be associated with an increase in the severity of depressive symptoms and prevalence of likely depression among FSWs in these high HIV prevalence settings.

METHODS {#s2}
=======

Study Design {#s2-1}
------------

We used longitudinal cohort data and an individual fixed-effects estimation approach to measure associations between knowledge of HIV status and depressive symptoms among Ugandan and Zambian FSWs. The FSW cohorts used in this study were formed as part of 2 3-arm cluster-randomized controlled trials testing 2 different peer-based HIV self-testing delivery models conducted in urban Uganda from October 2016 to March 2017 ([ClinicalTrials.gov](http://ClinicalTrials.gov): NCT02846402)^[@R3]^ and 3 Zambian transit towns from September 2016 to April 2017 ([ClinicalTrials.gov](http://ClinicalTrials.gov): NCT02827240).^[@R4]^ The trials followed identical protocols and measured identical primary outcomes: any HIV testing at 1 and 4 months.

In these trials, participants were randomized in groups of 1 peer educator and 8 participants (Uganda)^[@R3]^ or 6 participants (Zambia)^[@R4]^ to one of 3 study arms: (1) direct provision of an HIV self-test from a peer educator; (2) facility collection of an HIV self-test, upon presentation of a coupon given to participants by a peer educator; or (3) referral to standard-of-care HIV testing services by a peer educator. All participants completed 4 peer educator visits over the 4-month duration of the trials; the first was a group visit (at month 0), and the subsequent 3 were individual visits (at months 0.5, 1.5, and 3). At each visit, peer educators distributed condoms, information about HIV protection, and encouraged participants to test for HIV. Participants in the HIV self-testing interventions arms additionally received from their peer educator 1 HIV self-test or a coupon exchangeable for an HIV self-test at local health facilities at the first (month 0) and third (month 3) peer educator visit.

Ethical approval for the trials was granted by the Mildmay Uganda Research Ethics Committee (Kampala, Uganda), the Excellence in Research Ethics and Science (ERES) Converge institutional review board (Lusaka, Zambia), and the Harvard T.H. Chan School of Public Health (Boston, USA). Written informed consent was obtained from all participants.

Study Setting {#s2-2}
-------------

The randomized trials from which the FSW cohorts used in this study took place in 2 settings: (1) urban Uganda and (2) 3 Zambian transit towns. The Uganda trial took place in Kampala, the capitol city. Kampala is a dense urban center with approximately 13,000 FSWs living there, 1 in 3 of which is estimated to be living with HIV.^[@R26]^ Although sex work is illegal in Uganda, a number of free FSW-friendly services (including family planning and HIV testing) are available to Kampala-based FSWs through the Ugandan Ministry of Health\'s Most At-Risk Population Initiative (MARPI). The Zambia trial took place in Livingstone, Chirudu, and Kapiri Mposhi---transit towns where commercial trucks are often delayed for several hours or days at either border crossings or weight stations.^[@R27]^ One in 2 FSWs in Zambia is estimated to be living with HIV.^[@R28]^ At the time of the study, there were no free FSW-friendly services available to FSWs working in these Zambian transit towns.

Participants {#s2-3}
------------

In both FSW cohorts, participants were eligible for trial participation if they were older than 18 years, exchanged money or goods for sex in the past month, had not recently tested for HIV (\<3 months), and tested HIV-negative at their last test or did not know their HIV status.^[@R3][@R4]^ Participants were ineligible for participation if they did not meet all the previously described criteria. Potential participants were first screened over the phone and then invited for in-person eligibility assessment. FSWs trained as peer educators recruited all trial participants from their existing social networks. These peer educators were referred to study staff by local FSW nongovernmental organizations working in the study settings and from staff at MARPI health care facilities in Kampala. There were no educational or age requirements for FSW peer educators; trust and respect within the local FSW communities were the most important prerequisites.^[@R3][@R4]^

In Uganda, 1587 potential participants were recruited for participation, of which 960 (60%) were enrolled and randomized; in Zambia, 1290 potential participants were recruited for participation, of which 965 (75%) were enrolled and randomized. Some of the most common reasons for nonparticipation in both settings were self-reported HIV-positive status and recent HIV testing (\<3 months). Loss to follow-up at 4 months was low in both study settings: only 10% (n = 99) of participants in Uganda and 7% (n = 67) of participants in Zambia were not reached for the final round of data collection. By the end of both HIV self-testing trials, almost all participants in Uganda (95%) and Zambia (96%) had tested for HIV in the past 4 months.^[@R3][@R4]^

Depressive Symptoms Outcome {#s2-4}
---------------------------

We measured depressive symptoms using the Patient Health Questionnaire-9 item (PHQ-9) depression scale.^[@R29]^ The PHQ-9 is a screening tool for depression that includes items on somatic depressive symptoms (eg, trouble eating or sleeping), cognitive symptoms (eg, little interest or pleasure in things), and suicidal ideation.^[@R29]^ Each of the 9 items is scored on a Likert scale from 0 ("not at all") to 3 ("nearly every day"), and the sum score provides a continuous measure of depressive symptom severity (range: 0--27), with higher scores indicating greater symptom severity.^[@R29]^ For this study, we measured depressive symptoms in 2 ways: (1) the severity of depressive symptoms using a continuous PHQ-9 score and (2) the prevalence of likely depression by constructing a binary variable using a cutoff score ≥10. Our cutoff score for likely depression has been previously validated among women in SSA and corresponds well with a clinical diagnosis of depression.^[@R13][@R30][@R31][@R32][@R33][@R34][@R35]^ In addition, the Cronbach\'s alpha statistic for the PHQ-9 scale was \>0.8 at all measurements in both Uganda and Zambia, signaling the reliability of the scale in these FSW cohorts.^[@R36]^

Given concerns about the associations between HIV status and suicidal ideation, intent, and behavior,^[@R8][@R9]^ we also looked separately at the proportion of patients reporting suicidal ideation on the PHQ-9. We categorized patients as having suicidal thoughts if they reported thinking they "would be better off dead" or hurting themselves in some way on at least several days in the past 2 weeks.

Knowledge of HIV Status Predictor {#s2-5}
---------------------------------

We categorized participants\' knowledge of HIV status into 3 states: (1) knowledge of HIV-negative status, (2) unknown HIV status, and (3) knowledge of HIV-positive status. When measuring participants\' knowledge of HIV status, we wanted their most up-to-date knowledge of HIV status, captured in their perceived likelihood of being HIV infected. At each round of data collection, we asked participants to estimate the likelihood they were currently living with HIV on a 1--10 ladder scale.^[@R37]^ We categorized rungs 1--3 as knowledge of HIV-negative status, rungs 4--7 as knowledge of unknown HIV status, and rungs 8--10 as knowledge of HIV-positive status.

We chose this measurement for knowledge of HIV status because it is the perception of HIV status that will primarily affect depressive symptoms. Participants\' perceived knowledge of HIV status at the time of data collection might differ from the results of their last HIV test for reasons including a recent HIV risk encounter after HIV testing, mistrust in a new HIV testing technology (ie, HIV self-testing), or an outside intervention (ie, religious encounter) that may have "cured" the participant of HIV.^[@R38][@R39]^ This measurement of knowledge of HIV status was adapted from a study that measured participants\' perceived risk of HIV acquisition^[@R37]^ and was used in a similar study that explored the association between knowledge of HIV status and HIV risk-related sexual behaviors among the same cohort of Ugandan FSWs.^[@R40]^

Covariates {#s2-6}
----------

We measured sociodemographic characteristics for all participants, including age, education, and income. In addition, participants were asked to report when they last tested for HIV and their sexual behaviors with clients. If participants reported not using condoms with at least 1 client on an average working night, their condom use was categorized as inconsistent. The round of data collection and calendar month was automatically captured in our electronic data collection platform.

Procedures {#s2-7}
----------

Participants completed 3 rounds of data collection: at baseline before the first peer educator visit and then at 1 month and 4 months after the first peer educator visit. At each round, research assistants conducted quantitative questionnaires in face-to-face interviews at a location selected by the study participant (usually an empty bar, home, or guest house). Questionnaires were conducted in the participants\' preferred language (English, Luganda Nyanja, Bemba, or Tonga). All data were collected electronically on tablets using CommCare (Dimagi Inc., Cambridge, MA).^[@R3][@R4]^

Statistical Analysis {#s2-8}
--------------------

We used linear probability models (LPMs) with individual fixed effects to measure the association between participants\' knowledge of HIV status and their severity of depressive symptoms (continuous PHQ-9 score), prevalence of likely depression (PHQ-9 scores ≥10), and suicidal ideation (binary outcome). We used individual longitudinal data from the baseline and 4-month assessments from both FSW cohorts, including control and intervention participants together. For our binary outcomes, we chose LPM over logit regression models because the coefficients in LPM are percentage point changes, which are easy to interpret. Individual fixed-effects panel estimation controls for any confounders at the level of the individual that are constant over the observation period.^[@R24][@R41]^ To control for confounders that vary across round or time but are constant across individuals, we further added fixed effects for round of data collection and for calendar month. We adjusted our standard errors for clustering at the level of the peer educator because peers were used to recruit study participants and deliver study interventions. We separated the analyses that used Uganda and Zambia cohort data because of substantial differences in the demographics of and access to free health services for these FSW populations.^[@R3][@R4]^ We used Stata 15.1 (StataCorp, College Station, TX) for all analysis and a *P* value of 0.05 to measure significance.

Sensitivity Analyses {#s2-9}
--------------------

We conducted 3 sensitivity analyses. First, we tested the robustness of the LPMs with Poisson regression models for the severity of depressive symptoms\' outcome and logit regression models for the prevalence of likely depression outcome. As with the primary analyses, these models included individual-level fixed effects, controlled for round of data collection and survey month, and clustered standard errors at the level of the peer educator. Second, we limited our sample to participants who reported testing for HIV since the start of both trials to understand the relationship between knowledge of HIV status and depression among those whose knowledge of HIV status likely changed as a result of recent HIV testing. We calculated effect size estimates using the LPMs with individual fixed effects described above. Third, we used the same model as that used in the primary analyses but additionally adjusted for participants\' sexual risk behaviors, specifically their inconsistent condom use with clients.

Subgroup Analyses {#s2-10}
-----------------

We conducted 2 subgroup analyses. First, to understand the effect of preexisting depressive symptoms on the association between knowledge of HIV status and depressive symptoms, we split participants again into 2 groups based on those who were likely depressed (PHQ-9 scores ≥10) and not likely depressed (PHQ-9 scores \<10) at baseline. Second, to understand the effect of access to HIV self-testing on the association between knowledge of HIV status and depressive symptoms, we split participants into 2 groups based on whether they were randomized to one of the HIV self-testing intervention arms or referred to standard-of-care HIV testing services. For each of these subgroups, we measured associations using LPMs as in the primary analyses.

RESULTS {#s3}
=======

The baseline sociodemographic characteristics of our 1925 participants, 960 in Uganda and 965 in Zambia, are described in Table [1](#T1){ref-type="table"}. The median age of participants was 28 years (interquartile range \[IQR\] 24--32 years) in Uganda and 25 years (IQR 21--30 years) in Zambia. The age ranges and sociodemographic characteristics of the participants in our study are similar to those of the FSW populations described by data from key population surveillance in Uganda and Zambia.^[@R42][@R43]^ The majority of participants in both settings had not tested for HIV in the past 12 months (63% Uganda; 60% Zambia).

###### 

Participant Characteristics at Baseline, by Study Site

![](qai-83-37-g001)

The majority of participants in Uganda (57%) and in Zambia (67%) changed their knowledge of HIV status over 4 months (Fig. [1](#F1){ref-type="fig"}). At baseline, knowledge of HIV status was unknown among the overall majority of participants in both studies (47% Uganda; 64% Zambia), but by 4 months, knowledge of HIV status was HIV negative among just over half of participants in both settings (52% Uganda; 51% Zambia) and knowledge of HIV status was unknown among only 30% of participants in Uganda and 25% of participants in Zambia.

![FSWs\' knowledge of HIV status at baseline, 1 month, and 4 months in Uganda and Zambia. HIV-negative status knowledge (blue); HIV-positive status knowledge (red); HIV status knowledge unknown (gray). Lines between the bars show how participants changed their HIV status knowledge over the duration of the study.](qai-83-37-g002){#F1}

Knowledge of any HIV status was associated with significant reductions in the severity of depressive symptoms among participants in both Uganda and Zambia (Fig. [2](#F2){ref-type="fig"}). Compared with unknown HIV status, knowledge of HIV-negative status was associated with a 1.06-point decrease (95% CI −1.79 to −0.34, *P* = 0.004) in the severity of participants\' depressive symptoms (27-point scale) in Uganda (from a baseline mean of 9.05 points) and a 1.68-point decrease (95% CI −2.70 to −0.62, *P* = 0.002) in the severity of participants\' depressive symptoms in Zambia (from a baseline mean of 10.07 points). Similarly, knowledge of HIV-positive status was associated with a 1.01-point decrease (95% CI: −1.82 to −0.20, *P* = 0.02) in the severity of participants\' depressive symptoms in Uganda and a 1.98-point decrease (95% CI: −3.09 to −0.88, *P* = 0.001) in the severity of participants\' depressive symptoms in Zambia.

![The associations between FSWs\' knowledge of HIV status and depressive symptom outcomes. Associations were measured using LPMs with individual fixed effects, controlling for round of data collection and calendar month. Standard errors were clustered at the level of the peer educator. To measure depression, we used the PHQ-9 scale (0--27 points, scores ≥10 categorized as likely depression). Solid bars indicate estimates for Uganda; hollow bars indicate estimates for Zambia. Blue bars indicate knowledge of HIV-negative status; red bars indicate knowledge of HIV-positive status (reference category: unknown HIV status). Black vertical lines indicate 95% confidence intervals.](qai-83-37-g003){#F2}

Knowledge of any HIV status was not associated with the prevalence of likely depression among participants in Uganda but was associated with significant reductions in the prevalence of likely depression among participants in Zambia. Compared with unknown HIV status, knowledge of HIV-negative status was associated with a 14.1% decrease (95% CI: −22.1% to −6.0%, *P* = 0.001) and knowledge of HIV-positive status was associated with a 14.3% decrease (95% CI: −23.9% to −4.5%, *P* = 0.002) in participant\'s prevalence of likely depression (PHQ-9 score ≥10), from a 45.7% prevalence of likely depression at enrollment.

Knowledge of HIV status was not associated with the prevalence of suicidal ideation among participants in both Ugandan and Zambian (Fig. [3](#F3){ref-type="fig"}). All findings remained essentially the same in our 3 sensitivity analyses (see Table 1, Supplemental Digital Content, <http://links.lww.com/QAI/B390>).

![The associations between FSWs\' knowledge of HIV status and prevalence of suicidal ideation. Associations were measured using LPMs with individual fixed effects, controlling for round of data collection and calendar month. Standard errors were clustered at the level of the peer educator. Suicidal ideation was measured as a component of the PHQ-9 depression scale. Participants reported that at least several days in the past 2 weeks they had thoughts that they would be better off dead or of hurting themselves in some way. Solid bars indicate estimates for Uganda; hollow bars indicate estimates for Zambia. Blue bars indicate knowledge of HIV-negative status; red bars indicate knowledge of HIV-positive status (reference category: unknown HIV status). Black vertical lines indicate 95% confidence intervals.](qai-83-37-g004){#F3}

Our subgroup analyses by the prevalence of likely depression at baseline and randomization arm, however, uncovered some novel findings. In our subgroup analyses by the prevalence of likely depression at baseline, we found greater decreases in the associations between knowledge of HIV status and both the severity of depressive symptoms as well as the prevalence of likely depression among participants who had likely depression at baseline in Zambia (Fig. [4](#F4){ref-type="fig"}). None of the associations between knowledge of HIV status and the severity of depressive symptoms or prevalence of likely depression was significant among participants without likely depression at baseline in Uganda. In our subgroup analyses by randomization arm, we found that knowledge of HIV-positive status was not associated with a significant decrease in depressive symptoms for participants randomized to standard-of-care HIV testing services in Uganda (mean difference: −15.3 points, 95% CI −3.20 to 0.13, *P* = 0.07) and in Zambia (mean difference: −0.45 points, 95% CI: −2.11 to 1.19, *P* = 0.58) (see Table 2, Supplemental Digital Content, <http://links.lww.com/QAI/B390>). Knowledge of HIV-positive status was also not associated with a decrease in the prevalence of likely depression among participants randomized to standard-of-care testing services in Zambia (percentage point change: −8.2%, 95% CI −25.0% to 8.7%, *P* = 0.34).

![The associations between FSWs\' knowledge of HIV status and depressive symptom outcomes, by those with and without likely depression at baseline. Associations were measured using LPMs with individual fixed effects, controlling for round of data collection and calendar month. Standard errors were clustered at the level of the peer educator. To measure depression we used the PHQ-9 scale (0--27 points, scores ≥10 categorized as likely depression). Solid bars indicate estimates for Uganda; hollow bars indicate estimates for Zambia. Blue bars indicate knowledge of HIV-negative status; red bars indicate knowledge of HIV-positive status (reference category: unknown HIV status). Black vertical lines indicate 95% confidence intervals.](qai-83-37-g005){#F4}

DISCUSSION {#s4}
==========

Knowledge of HIV status, be it HIV-negative status or HIV-positive status, seemed to be associated with significant reductions in the severity of depressive symptoms among 2 diverse populations of FSWs compared with unknown HIV status. In Zambia, but not Uganda, knowledge of HIV status was also significantly associated with reductions the prevalence of likely depression among FSWs. Knowledge of HIV status was not associated with FSWs\' suicidal ideations in either setting.

Our finding that knowledge of HIV-negative status is associated with reductions in FSWs\' severity of depressive symptoms is consistent with theories of human emotion^[@R44]^ and the extant literature.^[@R45][@R46]^ By contrast, our finding that knowledge of HIV-positive status is associated with reductions in FSWs\' severity of depressive symptoms is contrary to the prevalent hypothesis (and indeed our hypothesis) that learning of a positive HIV diagnosis would trigger fear of the physical and social consequences of HIV and induce depression and potentially suicidal thoughts.^[@R10][@R11][@R12][@R13][@R14][@R15][@R16][@R17]^ This pathway from HIV diagnosis to depression and suicide is a commonly cited concern with HIV testing interventions that move testing outside the health care system where counseling is provided (eg, self-testing, door-to-door testing).^[@R8][@R9]^

Our findings are consistent, however, with the literature in psychology around the stress of uncertainty and the benefits of knowledge, even if it brings unwanted results.^[@R47][@R48]^ Knowledge of HIV-positive status may be associated with reductions in FSWs\' depressive symptoms for a variety of reasons. First, as discussed, it may reduce uncertainty, which can be stressful.^[@R47][@R48]^ Studies among cancer patients have shown a strong preference for information about their disease and its treatment, even if the information is bad.^[@R49]^ FSWs in both of these populations were frequently putting themselves at great risk of HIV infection, and thus, it is possible they felt relieved when they learned they were living with HIV and no longer had to fear infection. Second, certain knowledge of HIV-positive status might make FSWs feel empowered to take actions against the effects of HIV and control of their health.^[@R50][@R51][@R52]^ Knowledge of HIV-positive status may thus lead to an emotional boost because it enhances self-efficacy and increases the ability to act. Third, knowledge of HIV-positive status may lead FSWs to seek more information about HIV treatment. As a result, they may learn that HIV treatment is highly effective and that HIV infection no longer needs to lead to substantial morbidity and mortality,^[@R53]^ as long as treatment is available and taken consistently. This new-found or deepened knowledge may lead to a persistent, improved emotional state compared with the state of uncertain knowledge of HIV status.

Our subgroup analyses highlighted significantly greater associations between knowledge of HIV status and depressive symptoms among participants with likely depression at baseline in Zambia and no significant associations among participants without likely depression at baseline in Uganda. This finding suggests that the benefits of knowledge of HIV status on depressive symptoms might be greatest among individuals who are already depressed and can thus experience a substantial improvement in the severity of their depressive symptoms. In addition, our subgroup analyses found that the significant negative association between knowledge of HIV-positive status and the severity of depressive symptoms or prevalence of likely depression did not hold true for participants randomized to standard-of-care HIV testing services. This finding suggests that how participants change their knowledge of HIV status---for example, through HIV self-testing rather than facility-based testing---might modify the association between knowledge of HIV status and depressive symptoms. For example, with HIV self-testing, participants can maintain their privacy when they learn they are living with HIV and can freely choose who to disclose their HIV-positive status to, which may influence their depressive symptoms.

The magnitude of the associations between knowledge of HIV status and depressive symptoms also differed in the 2 study settings, with the associations being greater in Zambia compared with Uganda. The differences in associations between knowledge of HIV status and depressive symptoms by the study site might be attributable to differential access to FSW-friendly health services in these areas. In Kampala, FSWs have access to numerous free health services, including HIV testing, that are tailored to their needs and demands through MARPI health care facilities. By contrast, FSWs in the 3 Zambian transit towns have to use standard public health care facilities where they might face stigma and discrimination from health care providers. In Zambia, a larger proportion of FSWs---roughly 1 in 5---had never tested for HIV than in Uganda. As a result, knowledge of HIV status might have been more novel and longer awaited among FSWs in Zambia compared with FSWs in Uganda, resulting in a greater decrease of depressive symptoms.

To maintain an updated knowledge of HIV status and gain the mental health benefits associated with this, FSWs need to test for HIV frequently (ie, every 3 months, as recommended by the World Health Organization^[@R54][@R55]^). FSWs\' knowledge, or perceived knowledge, of HIV status may change repeatedly because they often have new HIV risk encounters with clients as a result of strong economic incentives for condomless sex. FSWs may receive double to triple the amount of income for sex without a condom compared with sex with a condom.^[@R56][@R57]^ In addition, FSWs are likely to suffer from intimate partner violence and sexual abuse, which further increase their risk of HIV infection.^[@R58][@R59][@R60]^ Despite this high HIV risk, FSWs in many communities do not test or only test for HIV infrequently for reasons including physical and financial barriers to testing^[@R61][@R62]^ and the fear of provider stigma.^[@R27][@R62][@R63]^ Novel approaches of HIV testing interventions are thus needed, which make testing accessible and easy for members of this population.

Our study has a number of strengths. First, our study had little loss to follow-up, which reduces the potential for attrition biases. Second, the use of 2 cohorts in geographically diverse settings strengthens the generalizability of our results. Third, the use of individual fixed-effects panel estimation is a rigorous quasi-experimental method for causal inference,^[@R24]^ especially because the majority of participants in both cohorts changed their knowledge of HIV status over 4 months. Individual fixed effects control for all baseline and other time-invariant characteristics, including those that are unobserved (eg, psychological characteristics that are likely to affect the prevalence of depressive symptoms) and thus cannot be controlled for as covariates in our analyses.^[@R24][@R41]^

An important limitation of our fixed-effects estimation, however, is that we cannot rule out those time-varying confounders that might have biased our results. For example, from baseline to 4 months, all participants received support from peer educators, which may have influenced both their knowledge of HIV status (through HIV testing) and severity of depressive symptoms. With our approach, we are also unable to measure precisely when knowledge of HIV status changed. Although our window of observation was relatively short (4 months), it is possible that changes in knowledge of HIV status has an acute effect on depression, which we are unable to disentangle from the effect of depression over 4 months. Although our results substantially strengthen the evidence on the effect of HIV status knowledge on depressive symptoms among FSWs, they do not allow for the same strength of causal interpretation as a randomized controlled trial.

Another limitation of this study is that the PHQ-9 depression is a screening tool for depression and not a true diagnosis of clinical depression. Like all self-reported outcomes, our measurements of depression are subject to social desirability bias. The cutoff of ≥10-points that we used for a classification of likely depression is most commonly used in the literature (sensitivity of 85% and specificity of 89%^[@R30]^) and has been previously validated in SSA but is still an imperfect indicator of depression as compared with clinical diagnosis. Measuring clinical depression is time-intensive and expensive and was not feasible within the context of these trials. Importantly, our results were robust to analyses with continuous PHQ-9 scores and sensitivity analysis using different model specifications, subsets of participants, and covariates. Also, some symptoms of depression on the PHQ-9 depression scale may be symptoms of early HIV treatment side effects (ie, poor appetite and overeating, difficulty in sleeping).^[@R64]^ If our depression scale is picking up symptoms of early HIV treatment initiation, this would bias our estimates of depression at 4 months upward and consequently bias the magnitude of our effect size estimates downward. However, we expect this potential mechanism to affect a small share of our sample because the percentage of participants who had initiated HIV treatment by 4 months in both trials was low.^[@R3][@R4]^

Our study has important policy implications. First and foremost, our findings indicate that worries that FSWs who learn their HIV status are at increased risk of depression and suicide are not warranted. Increasing access to HIV testing will not only provide FSWs with the knowledge of HIV status that is needed for treatment and prevention but also reduce depressive symptoms and suicidal ideation among this vulnerable population. Thus, our findings provide an additional strong argument for expanded access to HIV testing for FSWs in SSA. Second, the boost to emotional well-being that is associated with gains in knowledge of HIV status could be leveraged for interventions that bring about positive life changes for FSWs---for example, economic empowerment,^[@R65]^ structural change,^[@R66]^ and community mobilization interventions.^[@R67]^ Policy makers should consider integrating such interventions into HIV testing services for FSWs. Third, our findings suggest that policy makers should increase access to novel HIV testing approaches that decouple HIV testing activities from the physical facilities, where counseling is provided, because these approaches are safe and can even lead to improved emotional well-being, with potentially powerful downstream effects on life and livelihood.^[@R68][@R69]^ An often-cited concern with HIV testing outside the facility-based health care system is that the detection and treatment of depressive symptoms and suicidal ideation is not immediately available. The findings in our subgroup analysis suggest that this concern is not valid and that HIV testing outside the health care facility is even more strongly associated with decreased depressive symptoms than testing in the health care facility.

HIV testing outside the facility-based health care system is gaining traction with several important testing options. For instance, HIV self-testing allows individuals to test in their own time and space and has been considered an important approach to reach populations that are not using facilities for HIV testing,^[@R8][@R9]^ such as FSWs,^[@R27]^ adolescents,^[@R70]^ and men.^[@R70]^ Door-to-door testing is an important option to provide rural and remote populations with HIV testing,^[@R71][@R72]^ but the health workers providing door-to-door testing (eg, community health workers or home-based carers) typically lack the skills to diagnose and treat depressive symptoms. Our findings suggest that such approaches will be safe. However, they do not mean that these approaches to testing should not be accompanied by supportive interventions facilitating access to care and social support. Indeed, the potential for social support through the peer delivery system in our study may have had an important effect, which we could not directly determine in this analysis.^[@R73]^

This study lays out an important future research agenda. First, more research should be conducted to understand the mechanisms through which changes in knowledge of HIV status affect changes in depressive symptoms. Second, the association between knowledge of HIV status and sexual behaviors should be explored in other populations besides FSWs to see whether findings are similar. Third, future studies should develop and test innovative HIV testing and counseling approaches that can reach FSWs who currently cannot or do not wish to use such services. Fourth, design research should be used to develop interventions that harness the reductions in depressive symptoms after changes in knowledge of HIV status to bring about beneficial life changes, such as replacing sex work with work that is safer and more sustainable over the life course.

CONCLUSIONS {#s5}
===========

Much of the focus of HIV testing to date has been on identifying new individuals living with HIV^[@R28]^ so that they can initiate HIV treatment to preserve their own health^[@R53]^ and prevent HIV transmission to others.^[@R74][@R75]^ This study highlights the added benefit that knowledge of HIV status---irrespective of the status itself---has on the overall mental well-being of FSWs in high HIV prevalence settings, while diminishing concerns that HIV testing in the absence of support from HIV counselors may result in increased depressive symptoms and suicidal ideation. The findings from this study support the expansion of inventions that may increase the frequency of HIV testing among FSWs, moving the HIV testing activities outside the physical health care system.
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